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In a recent letter, Cheung et al.1 report “unexpected be-
havior” in the electroluminescence sELd and photolumines-
cence sPLd spectra of a simple organic light-emitting diode
sOLEDd device using a tris-s8-hydroxyquinolined aluminum
sAlq3d layer as the emitter. They express surprise at their
results and hypothesize various exotic mechanisms. Here, we
demonstrate that all of the observed phenomena can be ex-
plained simply by optical interference effects, which can be
qualitatively reproduced by optical modeling of the device.
When light emission occurs in a layered device, the
spectrum can be dramatically modified by optical interfer-
ence. For a conventional OLED structure, the most important
interference effect occurs between light emitted directly out
of the device through the glass substrate and that reflected off
of the metallic cathode. Smaller interference contributions
occur from reflections at other interfaces, particularly the in-
terface between the indium tin oxide sITOd anode and the
glass substrate. The resulting emission spectrum can be ex-
pressed as the product of the “innate” spectrum of the emitter
and the optical response of the device. Figure 1 demonstrates
how the double-peaked emission structure, seen in Cheung et
al.,1 can emerge when the peak of the innate emission spec-
trum and a minimum in the optical response nearly coincide.
The optical model used here is described in Ref. 2; however,
the minimum seen in the optical response can be understood
quite simply as being due to the destructive interference of
the light reflected off of the cathode with that emitted di-
rectly out of the device.
In Fig. 2, we vary the thickness of the Alq3 to study the
basic trends seen in Fig. 1sad of Cheung et al.1 We have not
attempted to also vary the N ,N8-disnaphthalene-1-yld-
N ,N8-diphenylbenzidine sNPBd thickness sas Cheung et al.1
didd because this has a smaller effect on the behavior. In
addition, it would be necessary to know the ITO thickness,
and any variation in it, in order to accurately account for
effects of NPB thickness variation, and Cheung et al.1 did
not specify the ITO thickness that they used. The important
point is that the basic trends and features seen in Cheung et
al.1 with varying Alq3 thickness are well reproduced by the
optical model.3
In Fig. 3, we consider the angular dependence of a de-
vice and reproduce behavior similar to that seen in Fig. 2 of
Cheung et al.1 They express surprise that what is observed is
not simply a small blueshift of the peak. However, this fails
to recognize that, while the optical response curve of a de-
vice does tend to shift in the blue direction, the EL emission,
being the product of this curve with the innate emission
spectrum, can exhibit more complicated behavior. For ex-
ample, it is clear that if the optical response curve shown in
Fig. 1 were to shift in the blue direction, the resulting EL
spectrum would show a decrease in the height of the blue
peak and an increase in the height of the red peak.
We can also reproduce the basic behavior that Cheung et
al.1 see in Fig. 3sbd, where they show that the angular depen-
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FIG. 1. Normalized on-axis spectra for a device having the structure
glass/40 nm ITO/65 nm NPB/146 nm Alq3/70 nm Ag, as predicted by op-
tical modeling. Emission is assumed to occur uniformly from a 30 nm re-
gion of Alq3 adjacent to the NPB. The EL spectrum is given by the product
of the innate spectrum of the Alq3 and the optical response of the device.
FIG. 2. Normalized on-axis EL spectra for the same structure as in Fig. 1
but with various Alq3 layer thicknesses. Spectra are vertically offset for
clarity.
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dence of the PL spectrum of the device sat an excitation
wavelength that is expected to excite mainly the Alq3d is
considerably different and less complex than what is seen for
the EL spectrum of the same device. The important differ-
ence in the two spectra, from an optical point of view, is that
the EL spectrum results from emission in the Alq3 occurring
primarily within a short distance of the Alq3-NPB interface,
whereas the PL spectrum results from emission throughout
the entire Alq3 layer. This broad spatial distribution of the PL
emission results in a substantial cancellation of any interfer-
ence effects.
Finally, while Cheung et al.1 are correct in that the ap-
propriate tuning of the layer thicknesses can give near-white
emission fe.g., we predict CIE 1931 chromaticity coordinates
of s0.36, 0.35d can be obtainedg, our modeling also predicts
that the resulting efficiency will be very low, with the on-axis
radiance being only about 13% that of a device structure
tuned for maximum efficiency swhich gives a yellowish
green emissiond. This is because the double-peak structure is
obtained by creating destructive interference of the light near
the peak wavelength of the Alq3 emitter. As a result of this
low efficiency, the practical utility of such a device is very
limited.
In conclusion, we have shown that all of the qualitative
behaviors seen in Cheung et al.1 can be attributed to simple
optical interference phenomena within the device. It, there-
fore, seems unnecessary to appeal to more exotic mecha-
nisms.
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FIG. 3. Normalized EL spectra at various angles for the same structure as in
Fig. 1 but with 153 nm of Alq3. Spectra are vertically offset for clarity.
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